The physics of nonlinear Landau damping is of interest for two major reasons. First, it is a fundamental and distinctive plasma phenomenon that links collective and single-particle behaviour. Second, the derivation of reduced fluid models that incorporate accurately such kinetic effects as nonlinear Landau damping, is of great topical importance for plasma transport studies. For instance, some authors have proposed a k-dependent dissipation term, which correctly reproduces linear Landau damping within the framework of fluid models [1] . This technique is nowadays widely utilised in fluid codes that study macroscopic tokamak turbulence.
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However, the long time behaviour of Landau damping is intrinsically nonlinear, and, in order to assess the validity of the above models, it is important to understand whether the damping will continue indefinitely, or will eventually be stopped by the nonlinearity.
Until recently, it was generally believed that nonlinear plasma waves undergo a few amplitude oscillations and eventually approach a Bernstein-Greene-Kruskal (BGK) steady state [2] . Simulation results seem to support this conjecture, although the evidence is not conclusive.
However, in a recent paper, Isichenko [3] presents a general theory predicting that Landau damping will continue indefinitely, although for large times the decay is algebraic (E ∝ t −1 ) rather than exponential. The purpose of our paper is to provide numerical evidence to verify the validity of this result.
Our mathematical model is the one-dimensional Vlasov-Poisson system,
where f (x, v, t) is the electron distribution function and E(x, t) the electric field. Time is normalized to the inverse electron plasma frequency ω Landau's theory, is ω = 1.285. Linear Landau damping is recovered accurately until t 25.
The measured real part of the frequency, averaging between t = 0 and t = 200, is ω 1.263, slightly smaller than the Landau frequency. After the linear stage, trapping oscillations are observed, while the maximum amplitude decreases at each oscillation (Fig. 1) . However, after t 900, no further decrease is observed, and the electric field goes on oscillating around an approximately constant value.
The main result of Fig. 1 is that the field does not decrease indefinitely, but finally settles 170
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to a constant value. Comparing the results obtained with finer or coarser meshes shows no qualitative differences. In particular, there is no indication that, by increasing the resolution, a further decay would be observed. Reducing the time-step does not change the picture either.
In phase space, the distribution function develops a vortex structure roughly at the phase velocity of the wave (Fig. 2) . These structures are present up to the end of our simulation, and there is no indication that they should be eventually damped away. It appears therefore that a finite number of particles can be trapped for arbitrarily long times. The average velocity distribution strongly deviates from the initial Maxwellian in the region around v phase (Fig. 3) .
However, it never settles to a plateau − rather, its slope changes periodically. This effect results in the low frequency amplitude oscillations observed in the electric field ( Fig. 1 ) even after saturation. The theoretical result of Isichenko [3] , which predict an algebraic decay for the electric field in the long-time limit (E ∝ t −1 ), is obviously in disagreement with our computations.
However, Isichenko's proof does not exclude solutions for which the electric field remains asymptotically finite, but only shows that, if the decay continues indefinitely, then it must be algebraic. Our computations show that solutions for which the field remains finite are not only possible in principle, but can actually be approached from an initial state.
It remains an open question whether the algebraic decay is ever observed as an asymptotic solution to the initial value problem. We have performed a few other simulations with wavenumber k = 0.4 − 0.5 and perturbation α = 0.1 − 0.25, and always observing a finite number of trapped particles. However, all these computations are in the small γτ regime. Further simulations in the opposite regime may help to clarify this point.
